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An ensalysis 1s presanted to COnper@ lonngitudinal
stability snd control charactsristics cbtained witn a
conventionel fixed-stsbilizer, an sdjustable-stnatilizer,
end en sli-movable horizontel tail. The teill-ares
regquirements, ccntrol forces required in the critical
landing condition, stetic margin, control-force gradients
in a dive recovery, and slevstor-free stabllity ere
irvestigated. 'The an:lysis includes a coupsrison for
tha verlous tails of the effect of a pertisl-wing stall
on the control-force gradient in & dive recovery. The
efisct of zn incresss in the tail asnect ratio is sglso

3

investigated,

The presults of the anslysis indicated thatl, wita
regard to regulrémsnts for longitudinal static stabllity
end adequste control in lending, the =ll-movable end
sdjustable-stabilizer tails can ;rovfde, with conslderably
swsller tail eress, the seme range of psrmissible center-
of-zravity positions as the conventiomsl fixed-stabilizer
t= Lt

The compsrison of the longitudinel control character-

istics on the bssis of a specirfied range of pernlssiovle
cnnt0V~o¢-gP V“LV jole i tions indicated thab the adjustable-
stsbilizer teil ellows considersbly srellor control

balance for the rete oI change of nlngL—nuwenL coefficlant

with elevator deflzsction then ths lkeﬂ—ot bilizer teil,
The comcarison £1s0 indicszated that the incresse Iin control-

force gradisnt as & recsult of a vavilal-wing stall in &

dive rscovery will be sisuificartly smeller with the £ll-

mecvable and sdjustable-stebilizer tails then with the
conventionsl fixed-stsbiliger teil.
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The prespnt trend towsrd higher spseds snd greater
size of al qunec is incresasing tke Gemandes on the hori-
zontal terl with rsgerd to obtﬂjnln" edequste longitudinal
conntrel undsr scue irmportent flight conditions, In }ar—
ticuler, the use of flap devices that give increasin gly
large incremsnts in 11ft in oxder to maintalin reagonable
laading sgpads wey sad apyﬂﬂciably to the diving monents
whick rust be belenced out by the lengliudinal control
in the thres-nsoint-ls nding sttitude., Mn Pnalysis of a

typical fjghtrr 2irplenz (reference 1) shows that a
fixed-stehilizer horizontel tail of COHVcnthhql size
wouild provide uhricdly iradegusate longitudinal control
in lending with e full-spen sleotbted or Towler flap. The
rasults of reference 1 slow th&t with 2 slotued flap, the
eirplene would require an incresss in tail voluma of

56 rercent in order to permlt = center-ol-gravity travel
of 6.5 percent of the mesn asrodyananic chord and theat
this 5é-percant increass in teil velume would rernmit s
center-of-gravity trevsl of only 2.1 wvercenbt with a
PMovwler ['lep. Further, refsrarnce 2 hes shown thet in tas
case ol high-spesd pull-outs a lsvpe diving moment mey
ozcur as a ragnult of a partial-wing stall caused by
critical comrressibility eflfscts and the jnauecuaﬂv of
the normal elevator for couauDrscu,nb this diving moment
is resworsible In many cases for tiie axtrens dlff10h1ty
recently exmerienced ip recoveries from high-svesd dives,

A common metheod of cbtalning grealer longitudinsl
control hes heen to ineresse the 1ﬂ“i70*trl—ta31 volume
oy increesing the tell arse. It is evident, however,
that as comnared to ths conventional horizoniel t“*i
naving a fixed stabkilizar the sdjustahle stabilizer and
all-movatle control nernit an incresse in the teil
elfcetlveress. The adjusteble-stabilizer snd sll-niovable

o

O

tails Th‘"@fnre shounld previde o snhecified degrse of
long diral centrol with a swmeller srea then that requir ed

with a ijbd—‘tcuLllze teils A cowperison of the differ
ent tyres of horlzentel tell on the basis of specified
stability end cecatrol roguirements would serve therefore
to indlicete thie comperative werits of these teils In
ragard to obtaining improvements in horizontal-tail
desim,

arielysis In whizh the

fzsults ore pr Soen
1zer, the adjustable-stabllizer,

2] asgant
conventionel fixad-stebil
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rnd the all-movebls horizontal tsails are comparcd on the
boastis of teil-ares requlrerents and =zirplsne s static longl-
tuodinal stakility end COﬂc“ol characteristics. The eanaly-
sis iz wale for these tell configuqulons ori a mcedern
fighter airvlene. The daJ¢ for the horizontel talls are
preszented, however, for a wide range of stablility and
conirol rpquirﬂments so that the results of the present
investigation car be epplied to a number of airplane
types The analysis of the horizontal talls includes sa
cona&rison of the longitudinasl control che ract :ristlcs
for Tlight conditions 1n which the wing is partially
°tall de The effect of an increzse in the tﬂll aspect
stio on thie sbatic longltudinal stabillity end control
chapﬂct ristics 1s =2lso considered.

SYWRBOLS

t

(V)

Cy meen serodynamic chord of wing, fe

1 teil lensth msasursd from guerter-chord voint
t )
of mean serodynamic chord of wing to quarter-
chord voint of tail, fraction of cy(see r'ig. 1)

2% distance messured from guarter-chord point of
mean asrodyneamic chord of wing iIn original

gsition to nevtral point, fraction cf Cyrs

citive when neutral point is behind guarter-

5]
o
no
h rd noint (see fig., 1)

[eRre] 'J

dist=nce measured from quarter-chord point of
mesn asrodynamic chord ¢f wing in original
posltion to center of gravity of ai;plane
fraction of cy; pOSJflve when center of
gravity is behind querter-chord point (see
fig. 1)

Al distance centar of gravity is moved, fractlon
of cy3; positive when moved baC(, primed to
indicate that winzg 1s moved uiWUthﬂCOUcly

o
cg

X static marpgin with elevator fized (distence
measurasd from eirplans center of grsvity to
neutral point), fraction of cy; positive
when neutral point is behind center of
grevity (see fig. 1)

CONFIDENTTIAL
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Nt LY

distance measured from aerodyriamic center of
all-moveble tall to pivot of main surface,
feet; vpositive when pivot is behind aero-
dynamic center

dthaﬂce wing 1s moved, fraction of c¢y;
positivs when wing Lq moved back, primed to
indicate that center of gravity is noved
simultsneously

chisnge in neutral-point position due to change
in horlzontal-tail area, fraction of cy
due to freeing

chhenge In neutrsl-point p io
tion of cy -

o)
the elevator control, f:

31t
rac
snge in xeutral~point position that results
from partial-wing stall, fraction of cy
rearward movement cof asrodynsmic center of wing

that results from sz partisl-wing stall,
frection of cy

v
cherd, fest
root-mean-square teil chord, feast

roct-meen-sgusre elevator chord, feet

gven {of wing unless otherwise indicated), feet

area (of wing unless othsrwice Indicated),
sgusre feet

cnengs In tall area 3¢ requlired with rodified
tail to nmzintain sscc;fiod static wsrgin

weight of alrplsnce

weight of horlizontel tall per unlt area, vounds
cor sguare foot

my

-

T8
o
5
joX
T2

total welgat of wing
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o} a2ir deneity, slugs per cublc foot

Ke elevstor gearing retio, radians per foot stick
travel

q dyramic pressure, pcunds per squar; foot

a engle of attack of sirplane measured as angle

between the thrust axis and wind direction
st infinity, degress; primed to indicate
that a i1s corrscted for ground interference

effects

& snigular deflectlion of control surface, degrees

1tpax msximum angulsr deflection of stabilizer

i measured with reference to thrust axis,

degrees

é“max maximun negative anguler dsflectlon of elevator,
degrses

€ dovmwash engle abt teil, degrees; primed to indicate
that € s corrected for ground inter-
ferar.ce effects

T slevetor-eflfectiveness parsmeter equal to the
change in angls of attack of the tail
required to give tne sams totsl 1if{t over
the tell &s that contributed by 19 of
elevator deflection

a slove of 1lift-cozfficient curve per degree,
(for alrplans unless indicated otherwise)
primed to indicste nsrameter is corrected
for cround effccts

de rate of change of downwash angle at tail with

da engle of attsck of wing

ng) rate of change of downwash angle at tail with

da/s4 sngzle of attsck of wing after beglnning of

wing stall

cory of tre tail with tab deflection for

‘ca
QTQE- rate of chenge of sngle of atteck at gection
°l¢ constant 1ift at section

CONFIDENTIAL
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SCyy \
(\ t rete of chenge of niltchling-moment coefflclent
\00g CLy of teil sbout gquarter-chord point of t=zil
with elevator deflection for constant 1ift
over teil
Seny
g
<§5"— rate of change of pitching-moment coefficient
Nt cy about qusrter-chord point of section of
teil with tab deflection for constant 1ift
at section
Crg 1ift coefficlent of tail
Cry! meximum negetive 1lift coefficlent of teil that

can be obtained in the three-polnt attitude
with ground=-effect corrections "

maximum 1ift coefficient of wing with flaps

Clinax
ek fully deflected

Ciy section 1ift coefficient of tall
Cm pitching-moment cecefficlent ebout csnter of
: : M\
gravity of airplane (——|
d3Cw/
I pitching moment about center of rravity of
airplanc, foot-pounds
Cmée rete of change of G, wish &,
Cmat rate of 2hr~nzs of (¢, with ayg ,
ré T
3 . " } = B » . <z
Ch clevator alnga-uioment coelviciant | — =
\l_v_ ;Obe
H elevater ainge morment, [o00U-pounds
Chﬁe rete of cnongs oF G, with O
Chat rety of chermge of G with ayg
ACry B :
=5 contr’bvtion to C, per mit chenge in a of
a '

combinzd effacts of 211 fectors otlier than
wing ead taill

CONFIDENTIAL
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comblirnied ronteibutions to Cm of factors other

then those reprssentad by term Jlmaxlcs
O

amd tall

contributicn to Cp of the tall pitching
moment atout tail guarter-cnord point that
results frow the maximum nsgetive elsvator
deflecticn

contribution to Cy per unit change In &
of the *tail pitching moment sbout tall
querter-chord »oint

fsector usad to detzrmine cortribution of tsb
to tell 1ift

factnr used to detsrmins totel pitcaing-moment
contrihution of teb about quertesr-chord
voint of tail

chenge in elevator control force per vnit change
In nortiel sccelerction, vounds ner g

ecceleratlon of grevity, 32.2 feet per sescond

ner c

contrel force raguired to lend at an*mum spead
with certer of grevity in most forwsrd
nosition, vounds

change in [ thet rcesulbe from pevriisl-wing
stell, pcunds
constants usad to dstermine F,
Cp tji'tS £\

4 4 ar A 4= -l oe e e e s e
constant used to debtormine (ALO)“t’ ( aﬁqﬁl)
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w wing

Ty teb for all-movable tail

METHOD OF ANALYSIS

Basls for Comparison

The fixsd-stebilizer, adjustable-stabilizer, and
ell-movable norizontel tails on & modern fighter eirplene
are ccmpared in the present anclysis., BRBeceuse the present
trend in teil design is towsrd higher aspect ratios,
aspect ratios of L2l and 5.82 were treated for the rixed-
stabilizer tell in order to give data showing the effects
of incresges In asvect ratio. The aress required for the
three types of tail hsving equel sspect ratios (5.82)
were compared for an equal rsnge of permisslble center-
of=gravity position. With the respective areas deter-
mined in this menn2r, the three types of tall were also

o

‘compared on the bssis of the following factors:

(1) The effect on the stetic margin of the airplane
of replacing the fixed-stabilizer tall with other teil
desipns

(2) The contrcl-balence reguired to obtaln a
snecified contrecl-force gradisnt end veristion of control-
force grsdlent with center-of-gravity position

(2) The effect on stetlec longitudinsl stability of
freeing the slevator control

(4) The meximum control forces in s three-point
landing at minimum speed

(5) The effect of a psrtisl-wing stsll on the
control-force gredient in & dive recovery
Data for Celculstions
The basic asta, which are representative of data for
g medern fighter airplanc, that were used In calculating

the stsbility and control characteristice of the sslected
elrplene are shown in table I,

CONFIDENTIAL
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The besic design data end gerodynawmic paramsters for
the her 1zonta1 teils are given in t= ble IT. The calcu-
lat onsg for the tsils were made for a plan form having
an aSDth retio of 5.82 and a teper ratio of 2.16, which
corresvonds to the wing plen form of the cirnlcne. The
calculetions for the fixed-stabilizer tail were slso made
for a vlan form having an gspect ratio of L,.2l; end a taper
ratio of 1.71, which corresponds to the plan form of the
original tsil of the subject airplane.

The stabilizer setting, the ratio of elevestor chord
to tgil chord, end Gewat for the fixed-stabilizer
tail were sssumed to bs the same as for the original
horizontel tail on the subject alrplane. For the
edjustable~-stabilizer tall, the msximum engulsr travel
of the stabilizer was leitad by the condltion thst, with
tne wing flsns fully deflect:zd st 120 percent of tqe
minimum speed, the negative angle of attack of the tsil
was ebout 2.5° below its neoat1v3 stelling angle. It was
further specified that with the stebilizer f@lly deflected,
the airplane could be trimmed at 11 times in a normal
l1snding meneuver by use of the elevator. 1In order for
tiie t,il to Opuf?tb within the linear range of the
elevetor effectiveness, the velues for the rstioc of the
elevator chord to teil chord and for 5emax were assumed

to ba smeller for the adjustable-stabilizer tesil thean
for the Tixed-stsbilizer teil - thot is, defcty wes
reduced from 0.%2 to 0.20 and 6emay wse reduced

from =25° to -15°. These sssumptions were based on the
data of figure 2% of reference % and were nececsary because
of the large increase in the negative Incidance of the
tail when the stsbilizer is fully deflected.

The all-movable horizontel tall considered in the
present enalysis is similer to the ell-movshle vertical
tail surface reported in references 4 and 5., For this
type of teil, the nivot is located at the serodynamic
center of the tsil or at some point behind it and a tab,
linked to the mein surface, mcves in the same dirsction
as and in a predetermined ratio to the msain surface.

The proportions of the tsb and ths tsab-linkage

ratio Gft/be ware so detsrmined that the control-force
charscteristics for the a2ll-moveble horizontal tall, when
used on the subject airplsne, would be comparsble to
those obtsined with the other types of horizontal tail,
The maximum ncgetive deflection of the all-movable tall

CONFIDENTIAL
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was so determined thet the negative stalling engle for
the tell cculd bte obteined In a three-point landing et
minimum speed. In contrast with the allowesnce of 2.5°
assumed in the cese of the adjustable-stebilizer taill,
which was set for the sapproach coendition, no allowance
was essumed for the sll-movable tail in the landing
condition becsuse the edjustable-stabilizer tail wsas
believed to be generally more difficult to unstell than
the ell-moveble tall, The effect of other considerstions
thet may limit the maximum engular travsl of the sta-
bilizer =nd of the all-movable contrcl is discussed
harein in the gection entitlsd "Results and Discusslon."

The valuss for the serodynemic perameters a end 7
used in the calculations for the horizontal talls were
based on the dste of reference %2, In the case of an
all-nmoveble t~1ll with 2 teb,

where J 1s = function of the sgpan end location of the
tab end of the tell tever ratio., Valuses for J wcre
obtained from figure 2 of rasferencs 6. The factor 0.1
revrcsents the slope for the section 1ift curve per
dearce,

Procedure for Cslculations

The symbols that refer to the pesition of the various
points along the longitudinal axis of the sirplenec are
identifiad 1n figure 1. The guarter-chord polnt of the
mean eerodynamic wing chord of the subject alrplans is
taken as the refercnce chord, and distances along the
longitudinel &axls are measured in frsctions of ths mesn
saerodynamlic chord of the wing,.

The renge cof the permissible center-of-gravity
positions wes limlted 1In the rcerwsrd direction by the
elevator-fixed neutral peint s dstermined for the.
cruising condition and in the forwsrd direction by the
requirement for adequate control 1In & three-point
landing ot minimun speed.

CONI'IDENTTAL
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The most resrward positinon for the centar of grevity
or the neutral pcint for th2 cruilsing conditlon with
elevator fixed was deternined from the equstion

AN
ac atq*--‘it(l - ‘E) (1t - lo)
my - a/ N\

where 1, corresponds to the limiting rearward position
for the center of graviiy. The Far&meter de/da  in
equetion (1) wes eve ¢ua¢0d 23 G.l4 Trom tle data of
reference 7. The term ml/la in equaetion (1)

rapresents the combined contributlor to Cm of factors
i

obher thsar. the wing end teil, such ass powcr =nd lfuselege
effects, Thls term wes evelucsted by meeans of unpublished
flight-tecat date for the subject sirplene from which the
position of the n“ufrpl noint for the crulzing condition
with elevstor fixed wes obtained. 7The solution of
equetion (1) with the value of 1, cbtained from the
Flight-test date then dstermines the velne for dcm1/da.
The term dcml/da weg tlhoie evaluated 23 0.01 and weas

ssaumed in ths computstions to be indepszndent of ths
center-of-pravity vosition. The differences in the
effect of powar &t cruilsing speed Tor the vericus t=ils
wsrce neglaetzd, so thst the valus Lor del/da was

gsaumed to be indenendent of the size end type of hori-
zontal tail.

The most forward center-of-cravity position for &
three-c oi t landing at minimum specd wss celeuleted from
the formule

23¢CLy" (24 = log)

- - ' =
Ol axlcg + 5Cmp 3 * om 0 (2)

where lgg corresoonds to tas Hmiting forwsrd center-
of-zgrovity position. In eguatlon (2}, the term Ang
refers to the landing condition snd reprezents the
combined ceontribution to Cp of factors other then the
tall and tne factor CLT& loge The term wes avaluatsed
me Yo
by mesns of unpublicshed flight-test data Ior the subject
eirplene from which the most forwerd permicsible canter-
of-grevity rosition In lasnding was obtelned. The

CONFIDIATIAL
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solution of equatlion (2) with the valve of 1,, obteined
o

from the flight-test data then determines the value
for ACmps The term Asz thus obtained was evaluated

0.06%, This value of ACp, was essumed to be

as

independsnt of the size and type of tail and also of the
center-of-gravity position. The factor CLt! in
cquation (2) 1s the maximum negative tslil 111t coef-
ficient that can be obtained in the thrse-voint-lending
attitude and wss determlned from the equation

whare ag', &', and €' are the velues for these
rerameters in the lsnding at minimuwn speed with ground-
effect corrvections applied in accordsnce with the method
of reference 8. Ths term cmt' in equation (2) 1s the
contribution to G of the tail pitching moment about

the tall querter-chord point that results from the maxi-
mum negative slevator deflection in the lending condition,

end 5Cmt) 5 - 2b
56; /CLt Omaxqtct t
: n 1 = "
g q3cy

The effect on the static mergin x of the airplanc
of replacing the fixed-stabilizer horizoantal tall with
other teil designs having different tell arcas wes deter-
mined on the basis of the neutrsl-point positions, which
were obtsined from equetion (1) for & lsrge range of
values of SQ/S. The meens considered for meintsining a
givan stetic msrgin with a modified teail of different
aree included sn sppropriate shii't of the center of
gravity Alge OT =1 eppropriete shift of the wing Alys
The value of Alcg is equal to the shift of the neutrel-

point position essocleted with the use of the modifled
£8il minus the shift in the center-of-gravity pcsltion
thzt results from the change 1n the tail weight. In the
computetions for Aly, the quarter-chord polint of the
tzil wes assumed to be moved an equal distence in the
same dirsctlion 2s the wing so that the tsil length 1yg
is unchenged, If the effect on the airplane center of

CONFTDENTIAL
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gravity of the wing and tail welghts are included, the

formulss for Alog and Aly Dbecome
\
- t 3
Blog = Blg = Glg A3% (L)
Wy
-0l - 'L'rvt-?lt ASy¢
Aly = Wy Wy (5)
1 - - —
WoTwWet

where the tail weight ver unit area w, was taken as

2.1 pouads per square foot, and Wy WwWsgs texken &s

2860 pounds. The term ASy represents the cheange 1n
required St due to the teil modificstion, as determined
by equations (1) and (2) on the basis of the original
renge cf nermissible center-of-gravity positions.

If the static margin of the airplesne with the modified
tail i3 mszintained constant by moving the center-of-gravity
and wing positions simultancously, equations (}) and (5)
can be written :

‘ St St
oot = g - G.122 a3 + AZW'<O.68 - 0.055u—s—> (6)
vhere the primes for Alcg and Al, 1Indicate that the

center-of-gravity and wing posgitione were moved
simultanesously.

The chenge in control-force gradient in stesady
turning flight was obtained from the formula

s’ r‘ — 2
Fl’l = KChéeB + uhatD) theCe be (7)
where
B = - (3)
AS0ns,, QtCng

CONFIDENTIAL
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enid
w(i - &) 28.60gc,(1y - 1o + X
A aa OpEgCu\ly = g X)
D = + (9)
Sqa g
In equstions (7) to (9),
o = cSeTeelly tlot M) fomp o
Mgy qs ' dbe )

where dcwt/dﬁe 1s the contribution to C, per unit

change in 06z end results from the tsail pitching moment

ebout its own quarter-chord nolnt., This term usualliy

contributes s smell emount to the value of Crg - In the
e

cage of the all-movable tsgil
/0c. 51 2
| m | Sl TP
ol cy b
domy, \55f;/01t5k3qt t e

e = (11
dbg gScy )

where RE' 1s g function of the span and location of the
tab end of the tail taper ratio. Values for E' are

given in figure 7 of reference 6., TIn egustion (8),
-thtat(Zt - by + X) 5
Cmat = as (12)

~ . =R v <
Values for Cnée, Chat’ and Sy thet were used
to determine F, are discussed In the present paper in
the section entitled "Longitudinel Control Charsactoristics.™

The effsct on the static longitudinal stability of
freeing the elevator control wes obteined from the

formula de
Ong ey (1 - )

(13)

where ALOF ic the shift in the nsutral-point position
hat results from fresing the g¢levator control. 1In
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equation (1%2) Alg, 1s assumed to
parison with the term 1y - 14 + X.

e

da/

15

be negligible In com-

The expression

in equation (13) represents the change in floating sangle

of the elevator per unit change in

The control force for

the lanaing

Q.

condition a2t the

minimum sveed with the center of gravity in the most

forwerd positicn was

[

[?héeeemax

where  ag!
that correspoends
for ground 3fii
neutral posich

t a3 messured with

(@

J

effactes of
in

Tue
forece gradliant
tails were cormareid

a
aive recovery

Ly considering

v

)

wing 1lift, in ths

end in the downwesh anzle et the tail.
stall on factors other than the

tihie effect of the wing
wing and teil werc neglacted.

The chemze in the

of the formuls —
W - e R ) A [
J\J 4 K: “.,.;7 ,,l‘;_ | .;‘ 8 (\, S"“;"ly\"(: '
AR e e e T
(ﬁfn) st o , 1
- vwie i
“~

is the
rplane during

where a

st
for the sal
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is ths geometric angle of s'tazk
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atqtst[l - (%ﬁ)j

Bst T Awgy * T as

Mlsc (21p)_, 1s the shift in the neutral-voint position

due to the wing stell and, from eguation (1),

|
de | 8wag de
.11 = ——) + —=Ad X1 - — ]
Riy da St,l By st t da/ ,
(a1,)_, = ot . - (15)
st Bw /e de
-_.E.E+K1-—-€-/ l+K<-—€-
By da st da
where
_ Pedtcy
T 8,48

The quantitative results prssented In the comperison
of the effect of the wing stall on the control-force
gredient in a dive recovery were cobtained for s partial-
wirg stell for which 1t wes assumed, for convenlence,
thet

’de) aWSt de
Gﬁi &y da

and

/ Swst
Mgt = .10 - =2

On the bLssis of these assumptions, equations (15) end (16)
bzccme, raspectively,

2, I
Wa: K Ce be'(ALG) Cr.
(a7n) gt = S £, (l -2 Ch (17)
qS Cm6 st & %%
X BWet de), ., Vst Bwgt de
(77} ) I*;Z,t< - "TA‘W— 'aa/ +6.].O"'aw l-—"g? Klt ~
A = -
o/st ) - de
Bwrgt vel1- iﬁ.@ _Li__E_\ 1+K(\l-£>
By ) By dq/
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RESULTS AND DISCUSSION

Renge of Permissible Center-of-Grevity Positions

The rearwsrd and forwerd boundaries for the permiss-
ible range of center-of-gravity positions for the fixed-
stabilizer, adjustable-stebilizer, and all-movable
horizontal tails are shown in figure 2, The results are
snown for values of St/S ranging to 0.30. The limiting
rearward center-of-gravity position in figure 2 is deter~
mined by the requirement for static longitudinsl stsab-
ility in the crulsing condition with elevator fixed,

This boundary was obteined by solving equation (1) for 14
with specified values of St/S. It will be noted from

equation (1) thst the parameters which affect this
boundary generally do not change with the type of hori-
zorital tail, This boundary will be affected, however,

by & change In the tsil =2spect ratio because the term a
in equation (1) is 2 function of the teil asmect ratio,

: : S

Figure 2 indicstes thet for 5 = 0,175, which corresponds
to the horizontsl-tsil area of the subject alirplane, an
increase in the tail aspect ratio from L.2L to 5.82
incresscs the static margin by 0.0Eécw.

The forward boundary for the permissible range of
center-of-gravity position given in figure 2 1s determined
by the reguirement for adequate control in the critical
lending condition. This boundary was cbteained by solving
equation (2) for 1., for specified velues of St/S.

Pigure 2 shows that the boundsry for adequate control in
the critical landing condition will be shifted conslderably
forward by replacing the fixed-stabilizer tall with elther
the adjustable~stabilizer or the all-moveble tgil. For

S
E; = 0.155, the forward bounderiss for the adjustable-

stabilizer and sll-movsble tails are 0.18cy and 0.21cy,
respectively, ahead of that for the fixed-stabilizer
tail (A4 = 5.82). Figure 2 shows that in the case of
the fixed-stabilizsr tall, the effect of aspect ratio on
the forward center-of-grevity boundsry is small.

The large forwerd extenslon of the range of permiss-

ible center-of-gravity positions, which results from the
use of the adjustable-stabllizer and all-movable teails,is

CONFIDENTIAL
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caused by the lerge Incresse In CLt' that can be

obtained with these types of horizontal tsll as compared
with the fixed-stabilizer teil. The calculated value
for Crg' for the fixed-staebilizer tell was ~0.029 as

compered with -1.05 and -1.25 for the adjustable-stabilizer
end &ll-moveble tails, respectively. The numerically

larger value for CLt' obtained with the sdjustable-
stabilizer teil 1s due to the influence of the term itmax
in equeticn (3), and for the all-moveble tall, the
numerlcally larger value for Cr,' 1s due to the term T

in equatiocn (3). (See table II.)

Ths results shown in figure 2 indicate that as
comporsd with the fixed-stsbilizer tall of Ay = 5.82,
the adjustable-stablilizer sad sll-movable talls permit a
reduction in horizontsl-teil ares of sbout L0 vpercent for
a given center-of-grevity renge. In the caese of the fixed-
stabilizer tail, the incrcsse in aspect ratio from l.2L
to 5,82 permits a reduction in horizontal-tasil area that
varies from about 10 to 12.5 percent.

In connection with the comparison shown in figure 2,
it should be noted that the tail area required to provide
adsguete control in the criticel landing condition will -
derend to & signirficent extent on the conditions specified
in regard to limiting the maximum sngulsr travel of the
various centrol surfaces. Thus, In the cese of the
adjustsble-stabilizer tall, the criterion for the msxlmum
stebilizer deflection is likely to be based on the
placarided svecd for the airplene with fleps down.

In this connzction, 1t is noted In reference 9 that
longitudinal Instabillity hes cccurred on severel alrplanes
at swaell winz angles of ettack with flaps down. This
instebility anpesirs to be caused by stalling of the tall
surface due to the comperstively large negetive incidence
of the tril sesccliated with a emell wing angle of attack
snd a large downwesh angle with the flaps deflectzd. On
this basis, i1 the placarded speed is taken at a value
greater than 120 percent of the minimum spsed, with
suiteble sllowsnce for limiting the stsbilizer deflection
to svert tell stslling, the results indicatsd in figure 2
for the sgdjusteble stabilizer would be unduly optimistic.
Similarly, the results shom in figure 2 for the all-
movable teil would be optimistic if the maxlimum control
deflection wore so limited thet the incidence of the tail
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In ths eritical lancing condition 1s 2 few degreses bhelow
the negative stalling “ngJe. For examnle, tlie maximum
angular f”aV97 of the all-movsble tail might be limited
by the condition that in a2 wave-0fi, the sudden aprli-
cation of power should not increase the dowiwesh to th
extent of stalling the tril. O(n this besis, if it wer
specified for the all-movable taill that its meximm
incidence in the criticsl threa-point lending condition
should not sxceed 2 value of Z© belew its anszgative
stelling engle, thon the bourndary fcr adaequate control
in the lending condition shown in figure 2 would be

. St
shifted reerwerd by & valus of the ordsr of C.Zle, 3

e
e

)

or gbout 0,0325%c, when -7 = 0.155.

Static Mergin

Filigure 2 indicetsc that & raduction in horizonteal-~
t=ll aree results in a forward shift of the neutral point.
Consequently, in ordsr to maintain en equel ststic margin
in conjunction with a reducad horizontal-tsil erca, the
center of zravity should normrlly be moved shead =
distance egual to the fOTW““d shift of the nsutrsl roint.
In the prelininsry stages of deslin, the rasquired center-~
of=grevity shift mﬂy HU accorplished by moving ths engine
forwsrd. Aa eltarnative ma for obtalining an equeal
static nerzin in conjanction with & reduction in
horizontsal-teil zres is to move the nsutrel nolnt bsck
by en appronrists resrward movement of the wing,

.,

Figurs % 1s given In order to Indicete lfor tiie eir-
plene the movemsnts of the CP“teP-of—g?avity or wing
with the redvctions in

osition that sre required
horizontal-tzil asres e:scciatc with vericus tynss of
teils In ordor to meintalin a specil stctlc mergin.
The srses for the medilied tasil dosigns are bsssd on the
condition thst the Y givs & rrnge © a;rqiobﬁole corter-
of=grasvity pOSiti?hv cqusl t Ehat ired with the

-
T

fixed~steabilizer tail (A, =
erses were ovteincsd from fig
gure 3(c). The rmeovemerts

0
5¢02} Phe resoective tell
u ena sre shovwvn in

o)

€

r s

T ths center-cl-gravity AL,
ec with the fixzed-s tubllléef
1
e

or VLG rosition Aly reguir

(AL = 2&), adjustakble-~stabilizar, and sll-movehle tails
ace shown in fizure 2(b). The rezults for Aleg and Aly
indicated in fizure 3(b) were obbtzined by means of
equstions () end (5), rcespectively., The shift of the
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(L)
end (5), which results from the chasnge In St/S associated
with the modified tail, wes determined from figure 2.

reutral-noint pesition AZO for use in equsations

In flgure 5(b) the values of end Aly refer

Alcg
to the csse in which either the center-of~gravity or the
wing mov.ment is made independent of the other, The
required movements of tne center-of-gravity and wing
pesitions for the case of a simultaneous movement may be
obteined by means of the dasta of figure 3 on the bssls of
equstion (6).

Figure li shows a nlan visw of the subject airplane
with a fixed-stsebllizer tail and with an all-movable
horizontsl teil of reduced arca. The all-movable tall
with reduced area nrovides the seme rsnge of nermissible
canter-of=gravity nositions as the fixed-stabilizer tail,
end the resrward movement of the wing of 0.72 foot indi=-
cated in figure li, maintaine the originsl static margin.
If the center of grevity of the airplene with the all-
movable tzil were moved forwsrd 0.265 foot, the original
static margin could be maintained with a rearward move-
ment of the wing of 0.3%32 foot.

Longitudinal Control Charsacteristics

With a8 gilven horizontel ta2il, the control-force
charscteristics may be varied over & wide range by
edjusting the veluss for the hinge-moment parameters Ch@

e

and Chat. The rresent arnelysis of the control-force

characteristics is given, however, 1In order to comoare
some tynicsl valuzs for Ché snd Cha , Which are
8 4

regquired with the varlous horizontal talle to provide
comparseble control-force characteristics wilth sn equal
permissible verietion in the center-cf=-greavity position.
The analysis also compsarec the effect of a partlal-wing
stall on the control-force gradient in a dive recovery.

Thz horizontesl talls ere compared on the basls of
the originsl renge of permissible center-of-gravity
positions of the subject eirplene of 0.103%cy. The
respective arcss for the fixsd-stabilizer tails (At = L.2l
and 5482) and for the adjustable-stabllizer and all-
moveable teils are then Ll.li, 36.6, 22.6, end 20.8 squere
feat,
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The results of the calculations for the hinge-monent
parameters Ch@e and Chat’ and for Fp, 0.C1 bFn/bx,
Als,, and Pr are given in table III. The deta for Fy

4

and 0,01 3F,/d% were obtained by use of equations (7)
to (9) for a ststic mergin x equal to C.05cy end for

an eltitude of 2C00 fest. The ra=ults In Fable III are

given for the flxed-stahilizer tai. (At = u,:h) for values
of Cng end  Chy that were dsitsrmin~da oy the basis of
e ’

unpublished {light tescs of flie airpleane. Tiie rezults

are also prssented for =11 the tails on the b=asis of the

values of Ch6 and Gy recuired to provide a control-
e ot )

force gracdient Fn equal to 3,27 rounds per g and a

valus of 0,01 éFL/éx equel to $.572 nounds ver g per

percent change in =x. The estimated control bvelence

required with the teils In ordsr to obtain the foregoing

values of Cng and  Cp, are a2lso compsrsed in table IIT.
e t

The control-balsnce requirements for the fixed-stabilizer
and edjustsble-stadilizer tsils were estimeted on the
basis of the typlcsl hings-moment data glven in figure 2
of rofepcncs %; wasress the balencs requiremcnts for the
all-mcvable te2il were obteinad by use of ths formulas
given in the appendix of tho orssent rzport.

Tha results given in tsble III indilcsate thet in
order to obtain values of Fj equal to 3.27 and values
of 0.0l &Fp/dx =2qual to 0.52 with a statlc mergin
of 0,05¢cy either of tha flxad-stsbllizer tells would
requirs apcrecisble reducticns in the magnitudes of Chéé

snd Cha by use of bslencing dsvices. These data 2lso
t

indicaete thst if the espect rotio of ths fixed-stabllizer
taill is incrcased Trom (1.2l to 5.82, the required control
bal=nce for Ch@ would be roduced by about 12 percent.

For the 2djustsble-stsbili
in order to obtain the foregoing valuzs for Fy
end 0,10 bFn/éx, a very sma2ll dezree of balance would
be required to obtsin tae indicsted value for Ché H

e

=
L
[
<

spr ©eil, teble III shows thsat

(o @

5}

L

whereas sppreclable belence would be required to obtsin
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the velue Indicated for Cha . For the s&ll-movable taill,
t

the formulasgiven in the eprendix of the nresent naper
indicate ths® the velue for Chg shown In table III could
'3

cbtained by us2 of a tsbh, which ccvers the middle part

b o
the te11 semispen, and has a linksage ratio 5ft/68

C

I O)

of 0.6, a chord egquzsl to 0.08cgy, and a spen of 0.25bg;

wnerees the tabulated value of Ch@ of zero could be
e

obtsined by loceting the plvot of the mein surface st its

gsrodynamic center.

The data given in tebls III for the effect of fresing
the elevator control Alop end for the control forces

-
i
<

requirsd in the critical landing condition Ty were

obtainzd by nuce of equstions ) end {1l), respsctivsly.
The results indlcate that the values of ALOP are small

for 211 the tzils, The control forces required in the
critical lending condition sasrc spproximstely the same for
the fixsd-stebllizer snd ths sll-movable talils but sre
lower for the edjustsble-stebilizer tail,

Effect of Psrtial-Wing Sts11l on Contrcl-Force Gradient
in a Dive Recovery

Under certain flight cornditions, such as in a high-
speed dive recovery, the wing is apt to become partislly
stalled end the lack of adequste controllability of the
resulting large diving moment mey be very seriocus. A
considersation of [actors assoclated with the wing stell,
such &s the reducticns In the slope of the wing 1ift
curve =nd in the downwash =sngle at the teil, indicates
that the diving moment that results from a wing stall
will be influenced to an importent extent by the hori-
zontal tall sree. The diving moment contributed by the
horizontal tail es & rosult of the wing stall is cssumed
to incresse directly as the product GmatzAatst + A€st)

whers Aatst + A€gy 1s thoe increase in angle of atteck

at the tell due to the wing stall., The derivetive Cma ’
t

however, numerlcally increases directly ss the horizontsl-

tail area; therefore for a given incrssse In ths sngle of
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CD

tall, the resulting diving moment will
ac tlj as the lorlzontal -teil erea. The
momcﬁt sbeut the sirplsne ceater of gravity thet results
from ths reduction in the wing lift-curve slope In the
stall is elso gffected by the horizontal-teil srea. 1In
g glven airplane, an incresze in the horizontal-tall areca
asults in a resrward movement of the neutrsl point, and
for a svecified static margin thils movement of the neutral
noint in turn involves a corresponding reerwerd movement
of the center of gravity. For & specified static mergin,
the relation between the positions of the wing end the
canter of gravity 1s therefore such thet the reduction
in the wing lift-curve slope associlated with the stall
tends to reduce the stalling moment or to incresse the
diving moment as the horizontal-tail area 1s incresaced.

attack at th
r

On the basis of the foregoing discussion, it appears

that in 2 high-specd dive recovery in which the wing may
scome pertislly stellsed, the smell horizontal-teil areas
asscecliated with the chubtable-stabilizer end all-novable
teils should, in general, significasntly improve the
longitudinal control cherscteristics over those obtained
with the conventional fixed-stsbilizer horizontal tail.
Figurc 5 1s presented in ordsr to glve a gquantitative
compsrison of the effect of a partisl-wing stall on the
control-force gradient In a dive recovery ss obtained
with the conventionel fixed-stabilizer, sdjusteblz-
stabilizer, and 2ll-movable horizontsl tails. The szrea
of each of the horizontal tsllis is given and is base¢d on
e renge of permissible center-of-grevity positions

of 0,103¢cy as dstermined from flgure 2 for the original

horizontel teil ol the sirplans,

Figures 5 pressnts the results of the computatlions
for ths incrssse in control-force gradient duc to =
nartial-wing stall in = dive pull-out mede at constsant
sp‘ed. The results for (AP st in this figure were

calculated by means of equetions (17) and (13) and are
shotn for s rangs of values of awst/aw from 0.6 to 1.0.

These values of awob/aw may occur in the case of g high-
w

sneed pull-out in which the thicker sections neer the root
end those close to the wing-fuselage . juncture tend to
stall due to criticsl compressibility effects, These data
for (AFn)st for the tails are based on the seame values

for Chng and  Cn, thet are given in table III.
e t
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The rosults in fipgure 5 indicate that the wing stall
causes & grescter Increase in the control-rorce gredient
with the fired-stabilizer tall then with the sdjustable-
stsbilizer snd all-movable teils, Thus for aWst/aW

equal to 0.8, the values for (AFn)st for the adjustable-

stebilizer snd sll-movable talls sre, respectively, 21.8 per-
cent and 25 percent smaller than the value obtalned with the
modified fixzed-ctshilizer tails., The maegnitude of these
redactions in (AFp)g, Obtalned with the adjusteble-

stsbilizer and all-moveble teils as compared with the fixed-
stabilizer teil slso become greater as the wing becomes
more stalled, Figure § indicztes that for the fixed-
stabilizer tail the incrsase in sspect ratio from 4.2h

to 5.82 with an appropriate reduction in taill arce hss

ro =ffect on (AFn)Gt.

CONCLUSIONS

An =znelysis msdas in order to coupsars a conventional
fixed~stebilizer, an edjusteble-stabilizer, and an all-
movahle horizontsl tail indicatsd the following con-
clusions:

1. The sll-movable and adjustable-stabilizer
horizontal teils have a large advantage over the con-
ventionel fixed-stebilizer tz2il in regard to tail-araza
requirements, For a specified range of permlssible
certor-of-gravity positicons, the ell-movable and adjusteble-
stobilizar teils rermit reductions in tail crea of approxi-
mately LO nercent, ss compsred with the fixed-stebllizer
tail.

‘n can be meintained with
ail asrea by edjusiments
z positions, which ere

ges cf deslgn.

2. A specified stetlic mse
lergs reductions in horizontel
in the center-of-grsvity or win
feesihlie in the preliminery sta

[ e
9
a]

-t

UGy <

32, The comperison of the longitudinsl-control
chzracteristics obtsined with the hLorizontal talls, which
w28 made on tha basis of tall erees thet correspond to
tho same range of permissible conter-of-gravity positions
and on the hesis of similer dive-recovery cherscteristics
for conditions bhalow the wing sta2ll, indicated the

following:
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(a) For the gdjusteble-stebilizer teil, the
rayulired velue for the rate of change of hinge-
moment coefficient with elevator deflection can be
obte*nad with arpreciably smaller control bsalance
thsn wonld be reqqued with the fixed-stabllizer
tail,

(b)Y The contrcol forces required to effect a
three-noint londing at mirimun spesd will be smaellest
with the sadjus teblo-stahilizer tsil end will be
aporoximately the same with the fixed-stebillzer

and ¢ll-movable horizontal tails,

(¢) The incrssse in conbtrcl-force grediernt in
a dive recovary, which results from & partisl-wing
stall, will be significantly smeller with the all-
movahle srd adjustable-stebilizer teils then with
the conventionsl filxec-stebilizer tail.

i« In the case of the fixed-ctablilizer tail, an
incresse 1n aspect retio fron L.2l4 to 5.82 for e specified
range of permi ssiole center-oi=gravity positions permits
52 reduction in tail s£r2s thet varies from spproximetely 1C
to 12.5 percent. Thie incrsase in teil espsct retio with
the sporopriste reduction in teil arca will, in genersl,
have a slightly favorebls effsct on tne longitudina1
control chisrscteristics below the wing stall, end will
have no offacu on the inecreszse in the control-forcs
gradient In 2 dive recovery duc to the stell,

Langley Memorlal Aeroneuticsl Levoratery
National Advisory Committee for Asronsutics
Lengley Mield, Va.
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APPENDIX

U

STINATION OF EINGE-MOMENT DAPAMETERS I'OR
ALL-VCVABLE TAIL WITH A TAB

An estimation of the hinge-moment parameters Chq

t
and Ché for sn all-moveble tell with a teh, may be
8
obteined from the following approximete formulas:
= e R .
C“at atct (Al)
where p 1s the distance measured beck from the tail
asrodynamic center to the plvot of the main surface.
For & full-spen tabh
o = a2l (ﬁi,"_\ E?_E )
ﬂ@e CCt baft/c 68 bft
by
(42)
F'or a partial-spsn tab
ol 5o
S ,l _nt hE S \
Ch(") - Jtct + E :be Ee 0. lJ(*@") (a3)
© e, 1y ¢
"t

where J end E' are functicns o7 the spen and location
f the teb and of the tall taper ratio. Values for J
and E' ars given in raferences 5 and 7, respectively.

If the »ivot ls located at the eerodynamic center,
Cha = 0 end

t cem > Or
t t :
8q 6Oft o) Oe
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Equations (Al) to (i) are based on strin theory
rnd neglect a small increment in hinge moment, which is
transmitted by the tsb to ths fuselage instead of to the
control column,
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TABLE I » BASIC DATA POR SUBJECT AIRPLANE
Walght, | Wing sres, | Wing spen, oy Aspect | Taper | oy 1 Tall lepgih,
3 [ p ap a
(:b) (s rt) R (re) r-:lo n’ %] type span | Olmax | (per deg) (r,.u,f,,?, of oy) (ndi-nx?ur £e)
8950 236 57 6.6l 5.82 2.4 Plain | 0.60% | 1.72 0.072 2.38 0.57

TABLE II - BASIC AZRODYNAMIC AND DESIGE DATA FOR HORIZOSTAL TAILS

NATIONAL ADVISORY
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Borizontal teil Mpest . Taper T s span, Somax | ‘tmax ag
ratio, N:i% cg/ey [£33] (fe) (;t) (deg) | (dsg) | {per deg) ¥
Plzed stabiliser .2k 1.7 0.32 0.157v8¢ | 04938 | 2.06\8 | -5 2.0 0.0635 0.59
Fixed stabfliser 5.82 2.16 32 L136\8¢ L25By | 2B | -25 2.0 .0720 .59
Adjustable stadiliser 5.82 2,16 .20 .085v8; | .b2nBg 2428 | 15 ~15.6 .0720 A7
ALl movable 5.82 2,16 | 1.00 Lol | JL2nSy | 2.avEe | -2 [ 0720 .0
RIncludes effeet of tab.
TABLE III « SUNMAHY OF RESULTS FOR AIRPLANE WITH ORICINAL RANGE
OF PERMISSIBLE CEWTER-OF-GRAVITY POSITIONS
OP 0.1030y
Nevement of Longitudinel sontrol charasteristics
senter of
gravity or {Altitude, 3000 ft)
Teil wing .. .
Horizontal aves,| (fractiom Cho Cha, Effect of
teil 3¢ of oy) e t Wing umetslled wing stell
(sq £t)] .
Eatinated Batimaee'l raror |001aFfox | sigy || (8Pn)yy for
[ Al Valus reguirs- Velue |require~ [x = 0,05¢y {1b per g per|(fraction oy, = 0,8%
& v {1b) st
nent ment peroent } Yd
{persent) (peroent) (b per g) ow of ou) (1b per g)
| Pixec ’ T 1
atabiliser | 1) [+ 0 «0.00670| L2.% «0,000539!  90.0 7.5 1.2 -0.00950 {26.8 10.4
{original;
Ay = k. §
Pix'(iil ) o — - 1 -
satebilizer . - . - . . . Lo 6 .
(noalfied; [RWY 0 0 00289 T5.0 000188  96.5 5.27 52 00769 |13 .6
Ay = L.
Pixed ) T B N 1
stabllizer | 36.6 ,006 | =, 008! -.00392] 66.0 -.000256| 97.0 1,27 52 -, 00767 [11.5 k.6
(A = 5.82)
Adjustabls e 0 - 3.21 . T .56 .
Miustanie | 22,6 |-.062| 050 -.0n0k | k.6 -000190]  95.0 %2 52 o111 | 3.56 3.6
o I I ' pivet
Sulteble located
tab at aerc~
All moveble| 20,8 | «.070| .102] -.00096| (see text, 0 dynemise 5,27 .52 0 11.5 L
page 22| osnter of
nein
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Fig. 1 NACA ACR No. L5HO4
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Figure 1,- Positlon of various points along longltudinal axis
of airplane, Distances measured in fractions of cyg.
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Figure 2,- Variation with horizontal-tall area of permiselble
center-of-gravity poslitions for fixed-stabilizer, adjustable-
stabllizer, and all-movable hcrizontal tails,
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(b) Required movements of center-of-gravity or wing position,

Figure 3,- Movemente of center~of-gravity or wing positlon required to meintaln
original static margln with changes in horlzontal-tail arsa associated with
three types of tail, Equivslent area of talls in each case gives same per-
missible range of center-of-gravlity position as obtalned with fixed-stabilizer
tall (A = 5.82),
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Figure 4,- Plan view of selected fighter airplane with reduced
horizontal-tail area obtained by use of all-movable tall,
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